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Abstract
We have investigated the heavy-fermion metamagnets CePdAl and U(Pd,Ni)2Al3 by
thermodynamic methods such as magnetization and specic-heat measurements.
A quasi-Kagome Kondo lattice CePdAl shows the partially antiferromagnetic order be-
low TN =2.7 K, and a NMR measurement has been proposed that f electrons possibly
form the local Kondo state i.e. local heavy-fermion state at partial disorder sites to lift
the geometrical frustration. Under magnetic elds, a three-step metamagnetic transition
has been observed below 1 K, but the relationship between the metamagnetic transitions
and the partial heavy-fermion state has not yet been claried. To reveal the magnetic
eld eect on the partial heavy-fermion state, we have performed the pulsed-eld mag-
netization and specic-heat measurements by using single crystalline samples of CePdAl.
The magnetization of CePdAl for the magnetic easy-axis (B k c-axis) saturates to 1.6
B/Ce, and reaches the one-third of the saturation value around the lowest metamagnetic
transition eld Bm1. In addition, the angle-dependence of magnetizations from the easy-
axis (B k c-axis) to the hard-axis (B ? c-axis) suggests that CePdAl is a almost ideal
Ising system. The B   T phase diagram was also determined for B k c-axis from the
detailed measurements of the specic heats around the metamagnetic transition elds.
In the partially antiferromagnetic order phase I, we have claried that there a crossover
exists around 2 K where the entropy of 0.3 Rln2 seems to be released. This result sup-
ports the suggestion by the previous NMR experiment that the entropy of the one-third
disorder sites 1/3Rln2 is released by forming the partial heavy-fermion state. Namely,
the partial heavy-fermion state breaks, and as a result, one-third of the saturation mag-
netization appears around Bm1. Moreover, the magnetic-eld dependence of the entropy
has a maximum at the high temperature region of the eld-induced phases, since the
magnetic eld suppresses both of the antiferromagnetic order and forming heavy-fermion
state. The exotic eld-induced phases II, III with the electron mass heavier than that
of low-eld phase I appear in low temperature is mainly resulted from the release of the
enhanced entropy.
UNi2Al3 has a magnetic susceptibility maximum around Tmax 100 K, similar to
many itinerant electron metamagnets. However, Tmax of UNi2Al3 is much higher than
others, and thus no metamagnetic behavior has been observed. To reveal the relationship
between the susceptibility maximum and the metamagnetism in UNi2Al3, we have mea-
sured the magnetization (M) of single-crystalline UNi2Al3 alomg the magnetic easy-axis
(B k [1120]) up to 75 T by using a pulsed magnet. The magnetization curve at 4.2 K
increases linearly without any metamagnetic behavior up to 60 T. However, above 70 T, a
nonlinear increment ofM appears without hysteresis, strongly suggesting the existence of
the metamagnetic crossover. The magnetization still increases nonlinearly up to the max-
imum eld of 75 T, but the metamagnetic crossover eld Bm can be estimated to be 75
T from a comparison with the metamagnetic behavior of UPd2Al3. The magnetic eld
above 80 T is necessary to obtain the whole magnetization process of UNi2Al3. To clarify
iv
the behavior of the susceptibility maximum at high elds, we have measured the magneti-
zation curves at various temperatures up to 60 T. Tmax is suppressed to low temperature
under high magnetic elds towards Bm 75 T. Therefore, the metamagnetic behavior of
UNi2Al3 relates well to the susceptibility maximum phenomenon. The ratio Bm/Tmax was
estimated to be 0.71, very close to the value Bm/Tmax 0.78 of CeRu2Si2. Moreover,
UNi2Al3 shows the metamagnetic crossover without hysterisis from paramagnetic phase
like CeRu2Si2. For CeRu2Si2, it has been reported that the Fermi surface discontinuously
changes below and above the metamagnetic crossover eld, corresponding to the change
of the heavy fermion state. Therefore, the metamagnetic crossover of UNi2Al3 is probably
caused by the change of the Fermi surface. Further study is necessary to understand the
origin of metamagnetism and high-eld state in UNi2Al3, but the measurements such as
specic heat, electrical resistivity are limited due to the high critical eld Bm. Then, we
have focused on and investigated the substitution material U(Pd1 xNix)2Al3 by the mag-
netic susceptibility and specic heat measurements, since UPd2Al3 has a susceptibility
maximum at Tmax 35 K and a metamagnetic transition at Bm 18 T. Consequently,
we have succeeded in decreasing Tmax and Bm by substituting Pd for Ni of UNi2Al3.
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????????????????????Figure. 1.8(b)????????CeRu2Si2?
???????? 34)?CeRu2Si2????Bm=7.7 T????????????????
???????????????????? f???????????????????
? Fermi????????? 35)????????????????? f ???????
?????LaRu2Si2?Fermi?????? 36)???????????????????
??????? 4f ???????????????????????????????
?????????????????????????????????????? 34)
????????????????????????????????????????
???????????????????????????????????????
??????? Tmax?????Tmax?Bm???????????????????
6)[Fig. 1.9]?
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(a) (b)
Fig. 1.8: (a)??????????????????? 33) (b)CeRu2Si2???????
34)
Fig. 1.9: ??????????????????? Tmax?????????Bm???
?? 6)
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???????????????????????? f ?????????????
??????????? YCo2 ?????????????????Figure 1.10(a)?
Y(Co1 xAlx)2?????Al????????? 37)?Y(Co1 xAlx)2??Al??? x??
?? 0:12 < x < 0:2????????????????YCo2(x =0)?? x =0.12???
???????????????Y(Co1 xAlx)2????????Fig. 1.10(b)?????
????????????????????????? (0 < x < 0:11)????????
???? 38)?Al????????????????????????????????
?????????x =0.06???????????????????????????
(a) (b)
FM
PM
Fig. 1.10: (a) Y(Co1 xAlx)2?????Al????? 37)???????? (0:12 < x < 0:2)
???????????????Tc, pe , ps????????????????????
???????????????(b) M(Co1 xAlx)2?????????????????
??Y(Co1 xAlx)2? Lu(Co1 xAlx)2????? 38)
????????????????????????????Fig. 1.11(a)??????
????????????? 38)??????? Tmax???????????? x = 0:11
??Al????????????????????????Bc???????YCo2?
??????Y(Co1 xAlx)2??Bc? Tmax?Fig. 1.11(b)??????????????
?????????????????????????????????Fig. 1.9???
???????????????????????????????????????
????????
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(a) (b)
Fig. 1.11: (a)Y(Co1 xAlx)2???????????(b)???????????????
???? Tmax?????????Bc????? 38)
YCo2???????????????????????Yamada?????????
????????????????????????????????? 39,40)????
??????????????? F ???M ???????? 6??????????
F (M) =
1
2
aM2 +
1
4
bM4 +
1
6
cM6 (1.12)
???????????F (M)?M !  M????????????????????
?????????????????????????????????
H =
dF (M)
dM
= aM + bM3 + cM5 (1.13)
??????????????????????????????? a > 0, b < 0, c > 0
???????????? ac=b2??????? Fig. 1.12?????????
Fig. 1.12: ????? ac=b2??? 40)
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????????????????
3
16
<
ac
b2
<
9
20
(1.14)
???????Yamada?????????????????????????????
??????????? 39)??????????? 39)????Yamada???????
????????????? 1.15??????? 1.13???????????????
???
H =
dF (M)
dM
= A(T )M +B(T )M3 + C(T )M5 (1.15)
????A(T ), B(T ), C(T )????????????????? a, b, c???????
??????
A(T ) = a+
5
3
b 2(T ) +
35
9
c 4(T ) (1.16)
B(T ) = b+
14
3
c 2(T ) (1.17)
C(T ) = c (1.18)
2(T )??????? m? 2???? [2(T )  3h(m)2i]????????? T ???
?? 2(T ) / T 2????M ??????A(T )? a > 0, b < 0, c > 0????(T )??
???????2????????? (T )???????????????(T )???
?????? 4????????? (T )?????????????????????
???? (T ) = A 1(T )? dA(2)=d2 = 0????? Tmax????????????
2(Tmax) =   3
14
b
c
(1.19)
??????? (1.17)??B(Tmax) = 0??? T = Tmax?????????? 1(Tmax)
?
 1(Tmax) = A(Tmax) (1.20)
= a  5
28
b2
c
(1.21)
??????????????????????????????? [Fig. 1.12]?????
3=16 < B2(T )=A(T )C(T ) < 9=20?????????????????????????
??????????????????????????????????Yamada??
???????????????????????????????????????
???????????????????Hc(T = 0)? ac=b2=3/16??? ac=b2 >3/16
????????????
Hc(0) =
1
2
r
 b
3c

a  3
16
b2
c

(1.22)
? ???????
Hc(0) =
r
7
18
(Tmax)
(Tmax)

21
20
  1
20
(Tmax)
(0)

(1.23)
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????(Tmax)? Tmax???????? (Tmax) / Tmax?????????????
?Hc????????? Tmax??????????????????????????
????? (Tmax)?????????? (Tmax)? (0)????????????Fig.
1.11(b)????????????? Hc ? Tmax ?????????????????
??????????????????????????????f ????????
UCoAl41)???????????????????????????????????
??Fig. 1.9??????? f ??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????
???????????????? 42)??????????????????? f ?
????????????????????????????????????????
?????????????????CePdAl???????????????????
????????? UNi2Al3??????????????????????????
???????????
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1.5 CePdAl???
1.5.1 ????
CePdAl?Fig. 1.13???????????ZrNiAl? (P62m)???????? 43{45)?
?????Ce??????????????????????????? c?????
????Ce???? 3????????????? Ce(1), Ce(2), Ce(3)???????
?? (T=7.5 K)???????????????????? 4????????Ce(1)?
???????????? 2??Ce(2), Ce(3)??????? 3.73 A????????
????????????????Ce(1)???? 4.24 A?????? 24)?
3.73 Å
7.20 ?
Fig. 1.13: CePdAl????? 24)?Ce???? c?????????????????
???
1.5.2 ????
CePdAl? 0 T???????? (C)???????Fig. 1.14(a)??????????
????? (TN = 2.7 K)???? 1.5 JK 2mol 1?????????????????
??????? (T >11 K)??????????C=T = p+T 2; p =75 mJK 2mol 1,
 = 0.50 mJK 4mol 1?????????????????????????????
??????????????????????????????200 mJK 2mol 1?
?????????????????????? 45)????TN???????????
0.55 Rln2?? 45)???????????? (TK  6 K47))?????????????
????????????????????????????????Fig. 1.14(b)??
???????? 46)???????????????/ -logT ???????????
???????????????????????????????????? (B=14
T)??????????????
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(a) (b)
Fig. 1.14: Kitazawa????CePdAl? (a)????, (b)????????? 46)
???????????Fig. 1.15(a)?????????????????????
?? 48)?Isikawa?? Fig. 1.15(b)????????????????????????
???????????????Ce? 6????? J =5/2???? 3???????
2???????????????????190 K????????410 K????
????????? 48)[Fig. 1.15(a)???]????????????????????
????????????????????? TN???????????? p =  34
K24)(jpj=TN  13)???????????????????????????????
????
(a) (b)
Δ1 =170 K
Δ2 =410 K
Fig. 1.15: (a) Isikawa??????? CePdAl?????????, (b) ???????
?????????? 48)
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1.5.3 ??????????????
???????????????????????Q = (0.5, 0, )????????
???c?????????????????????????????? 24)?c???
???????????????? 1.58 B/Ce??????????????????
 ?????????????2 K???   0.354?????? 25,49)?Ce?????
?????????? c???????? Fig. 1.16?????Ising?????????
??????3?????????Ce(1), Ce(3)??????????????????
????????????????????????????????????????
????????????????????Ce(2)?????????????????
????
Fig. 1.16: ????????????CePdAl????? 24)?+? c?????????-
????????????Ce(1), Ce(3)??????????????????????
??????????????????Ce(2)?????????????????
Figure 1.17????NMR???????????????????????????
????????????????????????????? 30 mK???????
????????????????? 26)???????????????????T1??
??????????????Korringa???? 26)????????Oyamada???
?????Ce(2)????????????????????????????????
????????????????????????????????????????
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T1T=const
TN
Fig. 1.17: NMR?????????-?????? T1?????? 26)
1.5.4 ????????
CePdAl????????????????Hane?? 0.51 K???????????
?CePdAl???? (c-axis)??????????????? [Fig. 1.18(a)]???Bm1 =
3.2 T, Bm2 = 3.4 T, Bm3 = 4.0 T?????????????????????????
?? 50)?????????? 10 T? 1.43 B/Ce??????????????????
???????? 1.58-1.81 B/Ce24,53)????????????????? 40 T??
????????????????????????????????????????
??????? 51)???????????????????????????????
????????????????????Bmi (i = 1; 2; 3)????????????
??? [Fig. 1.18(b)]???????B < Bm1???????????????????
B > Bm3???????????????Bm2 < B < Bm3?????B > Bm3???
???????6 T??????????????? 88)?
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(a) (b)
Fig. 1.18: ??? CePdAl? B k c???? (a) ?? 50)? (b) ???? 88)??????
(a)??????????????????????
???????????????????????????Cermak????????
????????????????????????????? 4 T?????????
??????????? 47)[Fig. 1.19]????B > 4 T???????????????
????????????????????????????????????????
?????????????????????????? Schottcky?????????
????? 54)?????????????????????????????????
?????????????????????????????
0.0
0
b
Fig. 1.19:?a????CePdAl??b????CePdAl?????????????? 47,54)
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1.5.5 ??????
???Zhao?????CePdAl?B k c???? ac???????????????
??CePdAl??????????????? 55)[Fig. 1.20]?CePdAl????????
???????????????3-5 T??????????????????????
??????????????????????? \???????????Zhao???
????????????? 4???B-E?????B, C?????????????
??? E??????????????????????????C????????
E????????D?????????????????????????????
????????????????????????????????????????
????????????????????????????
Fig. 1.20: Zhao??????????CePdAl?B k c???????? (T -B)?? 55)
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1.6 U(Pd,Ni)2Al3???
1.6.1 UNi2Al3?UPd2Al3?????
UNi2Al3? UPd2Al3???????? PrNi2Al3????????? [Fig. 1.21]56,57)?
??????????????????????????????U?????????
?????????UNi2Al3????????U????? 4.0 A?UPd2Al3?????
??? U????? 4.2 A????U? 5f ????????????? Hill Limit(3.5
A)58)????????????????5f ????????????????????
??UPd2Al3?Ni??????????????Vegard??????UNi2Al3???
???????Ni?????????? 59)?
Fig. 1.21: UNi2Al3????? 60), UPd2Al3?Ni???? Pd???????
1.6.2 UNi2Al3?UPd2Al3????
Figure 1.22(a)?UNi2Al3????? (C=T )??? (T )???????????? 2?
?????????????????????? (TN = 4:6 K)?????? (Tc = 1:1 K)
?????????????????? 56)??? 1 T???????????????
??????????????? 120 mJK 2mol 1????????????????
??????????????????Fig. 1.22(b)????UPd2Al3????????
????? 2??????????????????????? (TN = 14 K)?????
? (Tc = 2:0 K)???????????????? 57)?UPd2Al3???????? 150
mJK 2mol 1???????????????? 2?????????????????
??????????????????????????????U???? 5f ???
??????????????????????????????????????? 1
K???????????????????????????????????????
?????????????
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(b)(a)
TN
TN
T
c
T
c
UNi2Al3 UPd2Al3
Fig. 1.22: (a) UNi2Al3? (b) UPd2Al3????? 56,57)
???????????????????Fig. 1.23????????????????
????????????UNi2Al3? ?c=kc  3?UPd2Al3? ?c=kc  6?UPd2Al3
?????? 61,62)????????????????????????????????
UNi2Al3?? Tmax  100 K?UPd2Al3?? Tmax  35 K?????????????
??? f??????????????????????UNi2Al3??????????
??????????
Tχmax~35 K
Tχmax~100 K
Fig. 1.23: Sato???????UPd2Al3?UNi2Al3????????? 61)
??UNi2Al3????????????????Fig. 1.24(a)?????UNi2Al3??
?????????????Q = (0:5 + ; 0; 0:5);   0:1163)?????c?????
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????????????????????????? ord 0.24 B/U60)?????
??????????UPd2Al3??????Fig. 1.24(b)??????????????
?????????Q = (0; 0; 0:5)????????????????????????
? ord 0.85 B/U????????????URu2Si2?UPt3???????????
64)?????????????????????????????S?????UNi2Al3
? S 0.13 Rln266)??????????UPd2Al3? S 0.65 Rln256,67)???????
?????Table 1.1???????????UNi2Al3?????UPd2Al3???????
UPd2Al3?????????????????????UPd2Al3??????????
?????????????????Grauel???UPd2Al3????????????
???????????????????????????????????????
65)??????????????????????????????????? 68)??
???????????????????????????Fermi? 69)??5f ????
????????? 70) ?????????????????????????????
?????????? 5f ????????????????????????????
???Fujimori??????????? (ARPES)????UPd2Al3? 5f ??????
???????????????????? (T = 100 K)?Fermi??????????
?? 5f ???????????????????? (T = 20 K)? Fermi??????
??????????????????????? 5f ???????????????
????????????? 71)?
Table 1.1: UNi2Al3?UPd2Al3??????
ord S at TN ?c=kc Tmax
UNi2Al3 0.24 B/U 0.13Rln2 3 100 K
UPd2Al3 0.85 B/U 0.65Rln2 6 35 K
[010]
[210]
(b)
(a)
Fig. 1.24: (a) Hiess??????????UNi2Al3??????????? c?????
????? 63)?(b) Krimmel??????????UPd2Al3????????????
??? 72)
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1.6.3 UPd2Al3?????
UPd2Al3???????? B k [1120]????????? Fig. 1.25(a)??????
??????????Fig. 1.25(b)?????UPd2Al3???????????????
B = 18 T???????? 72,73)?Oda??????????????????????
???????????????????????? 72)????????Terashima??
???????????18 T??????????????????????????
????????????????????????????? 74)??????UPd2Al3
????????????????????????????????????????
????????????????????????????????????????
??????????????????Bm?????????Tmax???Bm=Tmax 
0.51? Fig. 1.9???????????????????? 0.8 < Bm=Tmax < 1.6??
??????
(b)(a)
Fig. 1.25: Oda??????????UPd2Al3?B k [1120]???? (a)????? (b)
?????? 72)
1.6.4 UNi2Al3?????
UNi2Al3?????????Tmax?100 K????? [Fig. 1.26(a)]????Figure 1.9
?????????????????? 0.8 < Bm=Tmax < 1.6????????????
???????Bm  80-160 T??????????????????????????
??B =35 T?????????????????????????????????
?? 75)[Fig. 1.26(b)]?????????????????UPd2Al3????Bm=Tmax 
0.51????? 50 T?????????????????????UNi2Al3?????
???????????????????????????????????????
?????YCo2????????????????????????????????
??????UPd2Al3?UNi2Al3?????????????????????? 18 T
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??????UNi2Al3?Ni?Pd????????????????????UNi2Al3?
???????????????????UPd2Al3????????????????
????????????????????????????????????? Tmax
????????? TN???????????? UNi2Al3?????U(Pd,Ni)2Al3?
?????????????
(a) (b)
Tχmax~100K
Fig. 1.26: (a)???UNi2Al3????????? 56)?(b)Nakotte??????????
??????????????????????????????????? 75)?
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?
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1.7 ??????
CePdAl
???????????????????????????????????????
???????????????????????CePdAl?????????????
?? (B < 50 T, T  1:3 K)???????? (B < 7 T, T > 0:3 K)???????
 ????????
 ???????????????
 ?????????????
 ?????????
 ?????????????????
UNi2Al3???????U(Pd,Ni)2Al3
?
f ??????????????? f ??????????????????????
?????????????? Tmax  100 K???????????????????
???? UNi2Al3???????????????????????????????
???????????????? UNi2Al3???????????????????
????? 75 T?????????????U(Pd,Ni)2Al3?????????????
??? 45 T??????????????????
 UNi2Al3?????????
 UNi2Al3?????????????????
 ????U(Pd,Ni)2Al3????????????????
 ????U(Pd,Ni)2Al3?????
1. ?? 28
?
2. ???? 29
2 ????
2.1 ?????
2.1.1 CePdAl
CePdAl?Czochralski???????????? 48)???????????????
???????????????????????????X????????????
????????????????????????????????????? [Fig.
2.1]??????????????????????????????????????
? Fig. 2.2???????????????????????????
c-axis
?????? ??????
Fig. 2.1: ?????????????????CePdAl?????c-axis???????
?????????????? 2????????????????????????(b)
??????????????
Fig. 2.2: ???????????????????????????
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2.1.2 U(Pd,Ni)2Al3
???U(Pd,Ni)2Al3?Czochralski???????????????????????
????????????????????????? [Fig. 2.3]??????????
????????????????????????????????????????
???????????????????????????????????????
????????U(Pd1 xNix)2Al3?????x = 0:10; 0:30; 0:50; 0:75; 1:0?????
????????????????Table 2.1??????x = 0:1??????????
????????????????????????????????????????
x = 0:30; 0:50; 0:75; 1:0????????????????????????????
????????? Bragg???????????????????????????
???
Table 2.1: U(Pd1 xNix)2Al3????????????
U(Pd1 xNix)2Al3 x = 0:10 x = 0:30 x = 0:50 x = 0:75 UNi2Al3
(x = 1:0)
???/ ??? ??? ??? ??? ???
???
?? ?? ????? ????? ????? ?????
??? ??? ??? ???
?? ?? ??
Fig. 2.3: ???????????????????U(Pd1 xNix)2Al3????????
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1.5 mm
4
.0
 m
m
1.0 mm
[1120]
(a)
(b)
(c)
Fig. 2.4: (a)???UNi2Al3???, (b)??????[1120]???????, (c)????
?Bragg??????????????
2. ???? 32
[1120](a)
(b)
(c)
~4
m
m
Fig. 2.5: (a)???U(Pd0:7Ni0:3)2Al3???, (b)??????[1120]???????, (c)
?????Bragg??????????????
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(a)
(b)
(c)
[1120]3
.5
 m
m
Fig. 2.6: (a)???U(Pd0:5Ni0:5)2Al3???, (b)??????[1120]???????, (c)
?????Bragg??????????????
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(a)
(b)
(c)
[1120]
2.0 mm
Fig. 2.7: (a)???U(Pd0:25Ni0:75)2Al3???, (b)??????[1120]???????, (c)
?????Bragg??????????????
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2.2 ????
??????Quntum Design??MPMS(Magnetic Properties Measurement System)
???????????????????????????????MPMS?????
????????Quatum Design????????????????????????
?????????????????????????????????
2.2.1 ????????????
???????????????????????????????????????
???? 50 T??????????????Figure 2.8(a), (b)???????????
????????????????????????????????????????
? Cu?????????????? Cu?Ag??????????????????
????????????????????????????????????????
??????????????????maxwell?? (1.4 GPa for 60 T76))?????
???????????? 77,78)? ????????? 50 T?????????????
????????????????
B
Fig. 2.8: ????????????????????? (a) ???(b) ????????
????? 2??????????????????????????????????
?????????????
???????????????????????????????????????
????????????????????????????????????????
??????Fig. 2.9(a), (b)????????????????????Table 2.2??
????????????????????????????????????????
???? LCR???????????? sin???????????????????
????????????????????????????????????????
???????????? sin??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
2. ???? 36
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????Figure 2.9(b)????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????? 79,80)?
(a)
???????
??????
(b)
??????
[T]
[ms]
[T]
[s]
?????????
Fig. 2.9: (a) ??????????????????????? (b) ????????
?????????
Table 2.2: ??????????????????????????????????
????????? ???? ??????
??????? 75 T 4-7 ms
?????? 65 T 35-40 ms
?????? 45 T 1-1.5 s
2.2.2 ????????????
???????????????????????????????????????
?????????????? dM/dt??????????????????????
????????????????????????????????????????
?????????????????????????????????????? 100
??????????????????????????????? 104  105 T/s?
????????????????????????????????????????
Fig. 2.10(a)???????????????????????A????B?????
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??????????????????????A,B????????SA;B??????
???NA;B???? SA  NA = SB  NB????????????????????
????????????????????AB????????????C?????
????????????????????????????????????????
???????????????????100?????????AB?????1??
??C????????????? L??????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????? 81)?
????????????????????????????? Fig. 2.10(b)????
???A, B???????? (; t) = (5mm; 1mm)?(; t) = (6mm; 1mm)??????
????????????????????????? 4 mm???????????
???  =0.1 mm????????????????????????????? [Fig.
2.10(c)]??????????????????? 40???????????????A
???? 2??80?????B???? 1??40??????????????????
??????AB????????????????????B????????????
???A????????????????????????????????????
?????????????????????????? 0.1 mm??????????
??????C????B??????? 1????????????????????
???????????????? 13????????B??????C?????
?????????MnF2???????????BF = 9:24 T82)??????????
2. ???? 38
A coil
B coil
C coil
Digitizer
Amp
Bridge circuit
(a) (b)
? ????????? ????
?????????? ???? ???????? ????
(c)
pick-up  coils
Fig. 2.10: (a) ???????? (b) ?????????????????? (c) ????
????????????
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????????????????????? Fig. 2.11?????????????
?????AB???????? 4 ms??????????? 6 T????????
?????? 4 mV???????? (??)???????????????????
???????????????????????? C??????????????
??? 1/10?????????????? [Fig. 2.11(a)??? (b)??]???????
????????????????????? [Fig. 2.11(b)??]??????????
????????????????????????????????????????
???????????????AB???????????? S/N?????????
????
In
du
ce
d 
Vo
lta
ge
 
[m
V]
[ms]
[T]
 AB coil
 AB+C coil
In
du
ce
d 
Vo
lta
ge
 
[m
V]
[ms]
[T]
 AB+C coil (BG)
 Sample in
dM/dt
(a)
(b)
Fig. 2.11: (a) ?????????? 5 T???????????AB?????????
???????????????????????? (b) ??????????????
????????????????????????????????????????
????????????????????????????????????? dM/dt
??????
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2.2.3 ?????????
????????????????????????????????????????
????? [Fig. 2.12]??????????????????????????????
????????????????????????????????????????
??????????????????GE-Varnish????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????Fig. 2.13????????????????????
????????????????????????????????????????
???????????????????????????????????????
????
2
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m
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Fig. 2.12: ?????????????????????????????????????
?????????????UNi2Al3?
θ = 17° θ = 28° θ = 47°
θ= 57° θ = 75°
1
.5
 m
m
1.0 mm
Fig. 2.13: ???????????????????????????????????
??????????????????????????????CePdAl?
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2.3 ????
CePdAl?????????????????????????????U(Pd,Ni)2Al3
????????????????????????????????????????
??????????????????Quntum Design??PPMS(Physical Properties
Measurement System)?????????PPMS?????????????Quatum
Design????????????????????????????????????
?????????????????
2.3.1 ?????
?????????CePdAl??????????? 1 K?????????????
?????????????????????????????????? (T <1 K)?
????????????????????????????????????????
???????????????? 3He????Heliox VL Oxford ?????????
??????????International Cryogenic ?????????????????T 
0.3 K, B  8 T????????????????????????????????
????????????????????????????????????????
????????? [Fig. 2.14]????CePdAl??????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????
B
???????
Fig. 2.14: ???????????????????????????????????
2.3.2 ???????????
??????????????? Fig. 2.15???????????????????
????????????????????????????????????????
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???????????????????????????????????????
????????????????????????????????????????
??????????????????? 4 5 mm2????GE-varnish??????
????????????????????? 1:4 1:8 0:7 mm3???? 13.52 mg?
????
1.8 mm 1
.4
 m
m
~ 5 mm
~
 
4 
m
m
Fig. 2.15: ????????????????????????????????????
??????????????????????????????????????
??????????????Q?????????????????????????
??????????? T1????????? T2?????????T  T2   T1?
??????????????????
C =
Q
T
(2.1)
???????????????????????????????????????
????????????????????????????????????????
??Q????????????????????????????????????
????????????????????????????????????????
????R??????? I(t)????RI2(t)??????????????????
????????????????????????????????????????
???????????????RuO2??????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????CePdAl????????????????????????????????
???????????????????????
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2.4 ?????
???????????????CePdAl????????????????????
????CePdAl????Ce3+???????????????????C2v?????
??????????????????????????????? (?????)??
?????????????????????????????????Octave???
?????????Octave???????????????????????Ce3+??
? (J=5/2)??????????????????????????????????
?????????????????
H = B40(O40 + 5O44) (2.2)
???????????Octave??????????
Hcry = A
yHA (2.3)
H =
0BBBBBBBB@
 240B40 0 0 0 0 0
0  240B40 0 0 0 0
0 0 120B40 0 0 0
0 0 0 120B40 0 0
0 0 0 0 120B40 0
0 0 0 0 0 120B40
1CCCCCCCCA
(2.4)
A =
0BBBBBBBB@
0:40825 0 0 0  0:91287 0
0 0:91287 0 0 0  0:40825
0 0 1:00000 0 0 0
0 0 0  1:00000 0 0
 0:91287 0 0 0  0:40825 0
0  0:40825 0 0 0  0:91287
1CCCCCCCCA
(2.5)
???????????????????? 2)???????
Hcry = A
yHA (2.6)
H =
0BBBBBBBB@
 240B40 0 0 0 0 0
0  240B40 0 0 0 0
0 0 120B40 0 0 0
0 0 0 120B40 0 0
0 0 0 0 120B40 0
0 0 0 0 0 120B40
1CCCCCCCCA
(2.7)
2. ???? 44
A =
0BBBBBBBBBBB@
q
1
6
0 0 0  
q
5
6
0
0
q
5
6
0 0 0  
q
1
6
0 0 1 0 0 0
0 0 0  1 0 0
 
q
5
6
0 0 0  
q
1
6
0
0  
q
1
6
0 0 0  
q
5
6
1CCCCCCCCCCCA
(2.8)
????
p
1=6 = 0:408248    , p5=6 = 0:912870    ??????Octave???????
????? z?????H ???????????????????????????
?????????????????H ?????????
H =Hcry   BgJJz H (2.9)
B, gJ ??????????????? g??????Ce??? gJ ??? 6/7????
????????????????????????????????????????
???????????? hJzi??????????????
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3 ???????
3.1 ????????CePdAl
3.1.1 ???????
?????????????????? CePdAl?????? (B==c-axis)????
(B?c-axis)?????? (M)?????? Fig. 3.1????????????????
??? (M)?????? (B)?? dM/dB?????????????? 4He????
??????????? 1.3 K??????????????????????????
???? 4He??????????????????????????????????
???????????????????????? dM/dB????????????
Bm1 = 3.2 T, Bm2 = 3.4 T, Bm3 = 4.0 T???????????????????Hane
?? 0.5 K?????? 50)???????????????????????????
???????????????????????????????????????
???????????????????????????????????1.510 3
B/T at 45 T?????50 T? 1.6 B/Ce?????? ??????????????
??????????????????????????????????50 T? 0.35
B/Ce???????????CePdAl??????50 T?????????????
???????????
Fig. 3.1: ????? (B k c)?????? (B ? c)?????? (M)?????????
??????????????????????M ????? dM/dB?
3. ??????? 46
????CePdAl???????????????????????????????
????????????????????? Fig. 3.2?????? ???? c???
????????????????? [Fig. 3.2??]??????? 4He????????
?????????? 1.3 K???????????? ( = 0)??????? ( = 90)
??????????????????????????  = 57??  = 75????
??????? Fig. 3.2(a)???????????????????? dM(B)/dB?
???? ????????????????????? = 75??Bm2;3?????
12.0 T,  13.5 T???????Bm1??????????????
dM
 /d
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Fig. 3.2: ???????????CePdAl???M ????? dM/dB???????
???  = 47? 57?????? 2?? = 75? 15???????????????
??????? c?????????  = 0????  = 90????????
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3.1.2 ?????????
???????????????????????????????????????
????????????????????????????????????????
????? Isikawa? 48)?????????????????????????????
[Table 3.1]?????
Table 3.1: Isikawa????????????????? 48)
A20 [K] A22 A40 A42 A44
475 416 110 -290 58
Alm?Blm?????? 83)????????????????Hcry???????
Hcry = A
yHA (3.1)
H =
0BBBBBBBB@
 193 0 0 0 0 0
0  193 0 0 0 0
0 0  23:6 0 0 0
0 0 0  23:6 0 0
0 0 0 0 216 0
0 0 0 0 0 216
1CCCCCCCCA
(3.2)
A =
0BBBBBBBB@
0:89  10 3  0:29  0:069 0:34  10 16
 10 4  0:15  0:21 0:88  10 17 0:40
0:43  10 4 0:30 0:072  0:85  10 16
 10 4  0:43  0:072 0:30  10 17  0:85
0:15  10 4 0:88 0:21 0:40  10 16
 10 3  0:89 0:069  0:29  10 16 0:34
1CCCCCCCCA
(3.3)
????Isikawa???? 48)??????????????????170 K? 410 K
??? 3?? doublet????????? jGS (ground state)i????????????
???????
jGSi  0:89j  5=2i+ 0:15j  3=2i+ 0:43j  1=2i (3.4)
?????? z?????M ? Jz???? hJzi????????????
hJzi = hGSjJzjGSi
= (0:89)2  2:5  (0:15)2  1:5 + (0:43)2  0:5
 2:04 (3.5)
????M = gJBhJzi (gJ=6/7 for Ce)???hJzi  2:04????? 1:75B ???
?????????
??????????????????????Fig. 3.3?????????????
??????????? 150 T??????????????????????????
3. ??????? 48
????????????????????????????????????????
??????????????
500
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0
-100
-200
E 
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150100500
B [T]
Fig. 3.3: ?????????????????
?????????????????? Jz???????????????????
???????????????????????????????? Fig. 3.4????
???????????????????? 1.3 K?????????????????
???????????????????????? 1:75B???????????
????????????????????????????????????????
????????????????????????????????????????
????????Ce???????????????? 1.58 B24)?????????
??????CePdAl??????????????????????????????
????????? 40 T?????????????????????????? 40 T
????????????????????????????????????????
3. ??????? 49
[μ B
/C
e
]
 [T]
CEF model
 // c
T ?1.3 K
Fig. 3.4: ???????? (??)?B k c?, T = 1:3 K????????? (??)??
??
3.1.3 ?????
??????????????????????Figure 3.5(a)? Fig. 3.2?????
????Bmi (i =1,2,3)??? ()??????? 1/cos??????Bmi()?????
 = 57?????????Bmi( = 0)= cos ????????????????? c?
??????????????c?????????????????????????
?????????B < Bm1????? Ising???????????????????
24)???Bm1() / 1= cos ???????Ising?????????????CePdAl?
??? c-axis???????????????????????????Bm2;3?Bm1?
??????????????????????????B < Bm1???? Ising???
???????????????????
???Figure 3.5(b)?????????????B=2.0, 20 T???????????
?????? cos???????????????????????????????
?????????????M0????????????????????
M()  M() M0; (3.6)
M0 = M?c (3.7)
??????????????????????? (20 T)??M20T() = M20T(0) cos 
?????????? [Fig. 3.5(b)??]??????????????????????
?????????????????????????????????????B =20
T???? \/ cos"???????B > Bm3??????????????? c???
???????????????????????CePdAl?????????????
???????? c????????????????????????? c?????
3. ??????? 50
????????????????????Prokes????????????????
?????????????? 49)????????????
????B =2.0 T??????? cos????????? cos2???????????
??? [Fig. 3.5(b)]?????? 3.8???????? c????????Be = B cos 
??? c???????????Mkc??????????????????????
Mkc = kcBe = kcB cos  (3.8)
???Mkc???????????? 3.9
Mdetect =Mkc cos  = kcB cos2  (3.9)
?????cos2????????????????????????????????
??????????CePdAl?Ce????????????????????????
??? 2/3?Ce(1)???Ce(3)???????????1/3?Ce(2)????????
?????????????????????? Ising???????????????
???????????????????B < Bm1????????????????
?????????????????????????????Ce(2)????????
??????????????Ce(2)????? c?????????????????
???? c??????????????
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Fig. 3.5: (a)????????Bmi (i =1,2,3)? (b)???????????M2T; 20T ?
?????
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3.1.4 ????????
NMR?????????????????????Ce(2)????????????
????????????????????????????????????????
????????? 26)?????????????????????????????
?????????????????? Ising???????? Fig. 3.6???????
??????CePdAl??????????????????????????????
??? 2/3????Ce(1)???Ce(3)?????? 1/3????Ce(2)???????
??? [Fig. 3.6?? (i)]?????????????????????????????
??? Ce(2)??????????????????? [Fig. 3.6?? (ii)]??????
??????????? Zeeman?????????????????????????
???? [Fig. 3.6?? (iii)]?????? Fig. 3.6????????? 1/3??????
??????????????????????? 84)????????CePdAl????
?? 1/3????????B < Bm1???????????????????????
?? Ising?????????????Ce(2)???????????????????
????????????????????????????????????????
??? [Fig. 3.6?? (iv)]????????????????????????????
?????????????????????????????B < Bm1??????
???????????? 2/3?Ce????????????????????Bm1?
?? 50 T???M50T? 1/3????????????????????????Bm1
?????????????????????????Ce(2)????????????
????????????????????????????????????????
????????????????????????????? 1.3 K????????
?????????????????????1 K?????????????????
????????????????????????????????? cos????
? [Fig. 3.5(b)]???????????????????????? 49)???????
??????Ce(1), Ce(3)???????????????????????? [Fig. 3.6
?? (vi)]????????????????????? Ising????????????
????????????Bm1 < B < Bm3???????????????? [Fig. 3.6
?? (v)]????????????????????????????????
3. ??????? 52
1.0
0.8
0.6
0.4
0.2
0.0
M
 / 
M
50
T
76543210
B [T]
 CePdAl
 Ising model
(i) B=0 T (ii)1/3 plateau (iii) Saturation
?
?
Ce(1)
Ce(2)
Ce(3)
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Fig. 3.6: ????????? Ising?? (??)?CePdAl(??)?????????CePdAl
???? 50 T????????????????????????????? Ising?
?? (i)??????? (ii)1/3????????? (iii)???????????????
??0 T???????CePdAl????????????CePdAl? (iv) 0 < B < Bm1?
(v) Bm1 < B < Bm3?(vi) Bm3 < B??????Bm1 < B < Bm3??????????
???????
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3.1.5 ???????
CePdAl???????????????????????????????????
??????????c??????????????????? c?????????
??????????????????????????????? 0.34 K?????
CePdAl?????????????????????CePdAl???????????
??????????????????????????? c????????????
???????????????CePdAl?????????????????????
????????Bm2=3.4 T??????????B = 3:5 T???????????
?????? [Fig. 3.7]?????????????????????????????
??????????????????????????????? c????????
????????????
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20100-10-20
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 =17o =-17o
CePdAl
T =0.34 K
B =3.5 T
Fig. 3.7: B = 3:5 T, T = 0:34 K?? c????????????
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??? CePdAl?????????????????? (C)???????????
???????????????B k c-axis?????? (C=T )??? (B)????Fig.
3.8(a)????????? T =0.34 K??????????????Bm1 = 3:2 T, Bm2 =
3.4 T?Bm3 = 4.0 T???????????????C=T ?????????????
??????????Bm3????????????????????????????
0.8 K??Bm1?Bm2?????????????????????????????
B0(< Bm1) ? B?(> Bm3)????????????????????????????
??????????Bm3???????????????????????????
???????
???0-7 T???????? (C=T )? Fig. 3.8(b)???????????????
??????B  3 T)?????????? (B  4 T?????????????0 T
??????????????????? TN = 2.7 K???????????????
??????????????????????? 3 T???????????2, 3 T?
? TN????????T0????????????????????4 T??????
????????????????? T ????????????? [Fig. 3.8(a)]???
????????????????????????????????????????
???????????????????????????
Figure 3.8(c)????????? (3.3-3.7 T)??? (C=T )????????????
???????????????????????????????????????
????????????????????????????TN??????????
?????????????????????3.5 T????? ??????????
Tm(< TN)??????????????? 3.5-3.7 T????????C=T ?????
?????????????????????? [Fig. 3.9]?????????????
?????????? TA(< Tm)?????????????????????????
?????????????
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Fig. 3.8: (a) 1 K???????????? (C=T )??? (B)?????????????
????????????????????????????????????????
???????; Bmi (i =1,2,3) (up arrows), B0 (down arrow), B? (down-dashed arrow)?
(b) 0-7 T????. The ???????????????????? TN (down arrows),
T ? (up arrows), T0 (dashed arrows)??????(c) ?????????? (3.3-3.7 T)?
???????????????????????????????????????
????????? Tm (up arrows), TN(down arrows), TA(down-dashed arrows)???
???
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3.1.6 ???? (B-T )??
B k c-axis???????????????????-?? (B-T )?????????
[Fig. 3.9]?????????????????????????????CePdAl??
????????? Phase I-III????? (PM phase)???????? Phase I? T0,
B0??????? T ??B???????????????????????Phase I?
T0(B)??? B0(T )??????? Phase I'???????????????? T ?(B)
?B?(T )????????PM' phase??????????Phase III????? TA?
??????????????????????????????????? [Fig. 3.1]
?? Phase I-III? PM'???????????????????????
[T]
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II
III
PM'
PM phase
N
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m
m
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Fig. 3.9: ????????CePdAl????? (B-T )??
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3.1.7 ?????????????????
????Phase I, II, III?PM'???????????????? TN(B)?????
??????????????? 49)?DC???? 85)???????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????C=T ????
?????????? [Fig. 3.10]?????????? C=T ????????????
????????????????????????????????????? C=T
??????????3?????????????????????????????
?????Fig. 3.8(c)???? C=T ? ???????B =3.5 T?T =0.84 K???
????????????????????????????????????????
??????????????????????????Phase II, III????????
C=T ??Phase I???????????????PM' phase?????C=T ?Phase I
????????T ??B????????????????PM' ??????????
??????????????????????
[K]
[T]
// c
 [J/K mol2 ]
Fig. 3.10: C=T ????? (B-T )???????????
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3.1.8 ?????
??????????????????????????????????????
???????????????????????????????????????
??Fig. 3.11(a)??????????????CePdAl??????????????
???????????????????CePdAl?C=T ?????????????
????????????????????????????????????????
???????????????????????????????????????
????????CePdAl????????????????????????????
??????????????????? YbRh2Si286)[Fig. 3.11(a)?]???????
???CePdAl???? 87,88)[Fig. 3.11(b)]?Pd?????Ni?? 89,90)[Fig. 3.11(c)]?
????????????????Fermi?????????????????????
????pure? CePdAl????????????????????????????
????????????????????Zhao?????????? 55)?????
Fermi??????????????????????????????????? II,
III????C=T ???????????????????
(a)
(b) (c)
Fig. 3.11: (a)Tokiwa????YbRh2Si2?????????????? 86)??????
? CePdAl??????? YbRh2Si2???? 0.06 T???? 0 K?????????
??CePdAl???????????????? 0 K???????????(b) Goto?
???CePdAl?????????? 88) (c) Fritsch????CePdAl?Ni??????
????? 89)
3. ??????? 59
3.1.9 ??????????????
?????????????????????????NMR??? 26)??CePdAl?
????????????????????????????????????????
??????????????????????????1 K??????? (C=T )?
???????????? 2? (T 2)?????????? ?????? [Fig. 3.12(a)]?
B=4.0 T????????????????????? ??????????????
?????????????????????Fig. 3.12(b)?????????????
??? (Phase I)????? ?Bm1?????????????????3 T??0.60
JK 2mol 1????????Phase II, III??????   0:68  0:72 JK 2mol 1??
??????? ????????????????????????????????
???????????????????????????????????????
??????????????????? 55)???????????????????
??A [(T ) = 0 +AT 2]?????? Fig. 3.12(b)????????????A???
??????????????? ????????????????????????
Fig. 3.13??????? ?A?Kadowaki-Woods? 91)?????????????
??? III(B = 3.7 T)??????1 JK 2mol 1???????????????
CeCu2Si2
92)??????????????? (B > Bm3)????? PM'??????
?????? , A?????????? 5.0 T????????? 0 T??????
????????M(B)??????????????????????? [Fig. 3.1]?
????????????????????????????????????????
??????????????????????????????40 T???????
????????????????
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Fig. 3.13: Kadowaki-Woods???? 91)????CePdAl??????C=T ? 1mol??
????0 T?? 1/3?????Ce???????????????????????
???Ce?????? 3????????A???????????????????
??????????????Ce?????? 3?????????????????
???Ce?????Ce??????????????????????????
3.1.10 ??????????
CePdAl??????????????????????????????Kramers?
????????? S = Rln2??????????????????????????
?????Figure 3.14??????????? CePdAl??????????????
??????????????????YPdAl??? 46)??????????????
??0 T?? TN??????????????????0.5Rln2??????? f??
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????1/3?Ce(2)????
??????? S =1/3ln2???????????????????????????
????????? Ce(2)???????????????????Figure 3.14???
?0.3Rln2??????????????????????? T0(B), B0(T )????
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???????????????????????0.3Rln2????????????
????????????????????????????????????????
???Prokes??????? 49)?????????????????????????
???????  ?????? c?????????????????????????
?????? 0 T???? 2 K????????CePdAl??????????????
????? [Fig. 1.16(a)]????????????????????????????
????????????????????????? (3.10)
TK  2T (S = 0:5R ln 2) (3.10)
??????? TK  6 K??????????T?????????????????
?????????????T > TN??????? S???????????????
????? 0.34 K?? 3.2 K?????????? 3-4 T?????????????
?? [Fig. 3.14]?????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????
[T]
[K
]
 // 
ln2
Fig. 3.14: ?????????CePdAl?????????? S????????
3.1.11 ?????????????????????????
??????????????????????Zhao???????????? ac?
????????????????????????????????????????
?? (I, I')???? T0, B0???????????????????????????
????????????????????????????????????????
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????????????????????????Zhao??????? ac?????
???????????????????????????????????????
????????????????? Phase I-III??? PM' phase?????????
?? TN(B)????????????????Zhao?????? C????? B,D?
?????????????????????????????? 0.5 K? 5 T????
?????? 5????????????????????? 0.48 K????????
???????????? [Fig. 3.8(a)]?? 3???????????????????
D-P, ??? P-E?????????????????????? 5?????????
???????????????????????????????????????
??Phase D??????????????????????????????????
????????????????????????????????????? 0??
??????? [Fig. 3.14]???????0 K???????????????????
????????????????????????????????????????
???????????????????CePdAl?????????????????
??????????????????????????
(a) (b)
Fig. 3.15: (a)???? (b)Zhao???????CePdAl??????????
?
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3.2 ????????UNi2Al3
3.2.1 MPMS?????????
???????UNi2Al3??????????????????UNi2Al3??????
??? 93)???????????????????????????????????
?????UNi2Al3?????????????????????????MPMS??
???????? (M=B)? T = 1.8 K?? 300 K??????? Fig. 3.16??30 K?
?????????????? Fig. 3.17(a)????UNi2Al3????????????
???????????? (TN  3 K at 0.5 T)??????????????????
???? (Tmax 105 K)??? (Tmin 27 K)??????????????????
????????????7 T??????????????????????????
?????????3 T?? 5 T????????????????? (T >1.8 K)???
??????? [Fig. 3.16(a)]??????????????????????????
????? Fig. 3.17(b)????????? (TN)?????????????????
??? 3.8 T?? 4.0 T????????? 1.8 K?????Figure 3.24???????
???????????????????????UNi2Al3?????????????
??????????? 5 T???????????????????????????
????????????????????????????????? 56,61,93,114,115)
??????????????????????????????? 93)???????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????
[
B/T
]
[K]
 UNi2Al3
  // [1120]
χmax~ 105 Kχmin~  27 K
μ
Fig. 3.16: 1.8-300 K?UNi2Al3?????????????? 0:5 10 3B=T ????
?????????
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[K]
 UNi2Al3
  // [1120]
N ~ 3.0 K
[
B/T
]
μ
(a)
[K]
2.4 T
2.6 T
2.8 T
3.0 T
3.2 T
3.4 T
3.6 T
3.8 T
4.0 T
[
B/T
]
μ
?????????
(b)
Fig. 3.17: (a) Figure 3.16???? (0-30 K)????????? 0:5  10 3B=T ???
?????????? (b)???????????????????? 0:05 10 3B=T
?????????????
[T]
[K]
AF phase
PM phase
UNi2Al3
B // [1120]
Fig. 3.18: UNi2Al3??????B k[1120]??????
3. ??????? 65
3.2.2 ?????????????????
??????????????UNi2Al3??????B k[1120]???? 75 T???
????????????????????UNi2Al3????????????????
???? [Fig. 3.21]?UNi2Al3??????????????????????????
????????????????????????????????????????
???
???????????????????????????????????????
????????????????????75 T?????????????????
?????????????????????????B  5 T,  15 T,  40 T,  60
T???????????????????????????????????????
?????60 T?????????? (raw data)?Fig. 3.19????????????
????????????????? (sample in)????????????? (sample
out)?????????????????????????????????????
??????? (M)????????????????Figure 3.19??????????
sample in???? sample out?????????????????????????
UNi2Al3??????????? (??)?????????????????????
??????????????????????? dM/dt?????????????
???
dM
dt
=
dM
dB
 dB
dt
(3.11)
??????????????????dM/dB = const??????????????
???? dM/dt???????? dB/dt????????Figure 3.19????????
dM/dt(??)?????? dB/dt(??)???????????UNi2Al3??????
60 T??????????????????????????????????????
?? Fig. 3.20? 75 T????????????75 T? sample out?SO)?????
???????????????????????? 60 T?????????????
????????????
SO75T = SO60T  B75Tmax
B60Tmax
(3.12)
sample in?????????????????????? 60 T??????????
????????????????????????????????????????
sample in? sample out?????????????? dM/dt(??)????????
? dB/dt(??)?????????????????????????????????
????????????????????? dB/dt???????????????
????????????????????????????????????????
?????????????????????????????????????
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Fig. 3.19: 60 T??????UNi2Al3?B k[1120]????????? raw???
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Fig. 3.20: 75 T??????UNi2Al3?B k[1120]????????? raw???
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Fig. 3.21(a)??75 T?????????? dM/dt???????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????? sample in???? sample out
????????????????????????????????????????
???????????? [Figure 3.21(b)]?UNi2Al3?B k[1120]????????60 T
????????????30 T???? 0:010B/T??????????60 T? 0.63
B/U?????????????????????????????????????
?3.62 B for U3+, 3.58 B for U4+, 2.54 B for U5+??????????????????
65 T??????????????????70 T?????????????????
?????????????????B=75.3 T??????? 1.1 B/U??????
????????????????????????????????????????
????????????????????????????????????????
????????????
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Fig. 3.21: 75 T??????UNi2Al3????B k[1120]?????????(a)???
?????????????????????????? (b)????????????
???????????????????????
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???UNi2Al3????????????????????????60 T?????
?????????????????????????Fig. 3.22????1.3 K, 4.2 K?
??????UNi2Al3???? 60 T???????????????????????
?? (Tmin 27 K)??? 20 K?? 54 K?????????????60 T?????
????????????????????????????????????????
??????????????????? 81-105 K??????????131 K???
????????????????????????????????????????
??????????
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Fig. 3.22: ????????? 60T???UNi2Al3????B k[1120]????????
3. ??????? 70
3.2.3 UPd2Al3?????????
UPd2Al3?UNi2Al3?????????????????????????????
?????????????UPd2Al3????????????UNi2Al3??????
Fig. 3.23??????UPd2Al3??????????????????? 73,94)????
?????????????? Fig. 3.23????
UPd2Al3?????10 T???????????????18 T??????????
????????? 0.5 B/U?? 1.5 B/U????????????????????
??????????????????????????????UNi2Al3???? 60 T
????????UPd2Al3? 1/3??????????????70 T????????
?????????????????60 T?? 0.6 B/U?70 T? 0.8 B/U??????
????????????????????75 T? 1.1 B/U????????????
????????????UPd2Al3????????????????????????
?????UNi2Al3??????? 0.4 B/U????????????????????
??70 T???????????????????????M  1:5  0:8 = 0:7B/U
??????75 T???????????????????????????????
??????????????????????????????80 T????????
????????????????????????????????????UNi2Al3
????????????????????????????????????????
???
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0.0
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806040200
B [T]
Bm~75 T
Bm=18 T
UNi2Al3
 // [1120]
 ~ 4.2 K
 
UPd2Al3
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 ~ 4.2 Kμ
Fig. 3.23: B k[1120]????UNi2Al3?UPd2Al3????????
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?? UNi2Al3? UPd2Al3???????????????????????????
Figure 3.24???????????UNi2Al3?????? 5 T???????????
??????????????????????????????? 0.24 B/U60)???
???????????????M  0:7B???? 1/3?????????????
75 T?????????????????????????????????????
???????????????????????UPd2Al3?????????Figure
3.24??????????????UPd2Al3???????????????????
??????????????????????????? f ???????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????M  1.0 B/U????
?????????????M 1.0 B/U???????????????????
? 0.85 B/U64)?????????UPd2Al3???????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????
[T]
[K]
AF
PM
AF
PM
UNi2Al3
UPd2Al3
B // [1120]
PM'
T χmax
????
Fig. 3.24: UPd2Al3????????????? 65,72,95)(?)???????? UNi2Al3
????????????????
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3.2.4 ?????????????
???????????????????????????????Figure. 3.25??
????????????? [Fig. 3.22]??????????????????????
7 T????????????????????? [Fig. 3.16]????????Tmax??
10 T?????????????????????????????????????
???Tmax?????????????????????????URu2Si2112,113)[Fig.
3.26(a)]?UPt396)[Fig. 3.26(b)]?UPd2Al394)???????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????URu2Si2?UPd2Al3????????????????
???UPt3?UNi2Al3????????????????Fig. 3.27????Bm=Tmax
????????????????????????????????????????
???????????????????????????????????????
???
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Fig. 3.25: ?????????UNi2Al3?B k [1120]????????????????
????????? 0.001 B?????????????
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UPt
3
(b)(a)
??
??
Tχmax
Fig. 3.26: (a) URu2Si2
113) (b)UPt3
96) ?????????????????
Figure 3.27?UNi2Al3?????????Bm?????????Tmax??????
????????????????????????UNi2Al3????????????
?????Bm? Tmax????Bm = 0:8  1:6Tmax???????????????
???????????????UNi2Al3?????????????????????
????????????????Bm????????? Tmax??Bm=Tmax  0:71
??CeRu2Si2?0.78??????????CeRu2Si2???????????????
???????????????????????????????????????
34,97)????????????????? 98)?????????CeRu2Si2?Fermi??
??????????????f ??????????????????????? 35)?
????????????????????f?????????????f??????
??? LaRu2Si2? Fermi?????? 36)??????CeRu2Si2?????????4f
?????????????????????Fermi????????????????
????UNi2Al3????????????5f ???????????? Fermi???
???????????????UNi2Al3?????????? 80 T????????
????????????????????????????????????????
????????????????????????????????????????
?????????????B=18 T????????UPd2Al3?UNi2Al3?????
U(Pd,Ni)2Al3????????????UNi2Al3??????????? 4 K?????
????? 105 K??????UPd2Al3?Ni???????????????????
?????????????UPd2Al3??????????????????????
?????????????
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3. ??????? 75
3.3 ????????U(Pd,Ni)2Al3
3.3.1 ????????
Figure. 3.28????U(Pd1 xNix)2Al3???? [1120]???B =0.5 T??????
??????????????????UNi2Al3(x =1.0)??????????????
????????????????????????????????????????
????????????Ni???????????????????????????
???UNi2Al3???????????????????UPd2Al3? Tmax = 35 K56)?
??x =0.30? 38 K?x =0.50? 48 K?x =0.75? 67 K?Ni????????????
??????????????UNi2Al3??????????????????????
????????????????????????????????????????
?????????? (T >140 K)????????Ni???????????????
????????
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Fig. 3.28: ??? U(Pd1 xNix)2Al3 ? B k [1120] ??????????????
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???????????????? Fig. 3.29??????????????????
???????????????????????????UPd2Al3? TN = 15:4 K?
? x =0.30? TN =15.9 K?x =0.50? TN =16.7 K?x =0.75?? TN =13.8 K?UNi2Al3
?????????????x =0.50???????????????????????
??????????? 59)?U(Pd1 xNix)2Al3??????????????????
?????UNi2Al3???????????TN  4 K?????????Ni?????
????????????????????????????????????????
????????????????????????????????????????
?????? [Fig. 3.31]?
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Fig. 3.29: ??????????????????
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3.3.2 ????????
?????????????????????????????????
 =
C
T   p ; C =
NA
2
e
3kB
(3.13)
C ????????p?NA?e?kB??????????????????????
????????????????????????????????????????
???????????? Fig. 3.30????????UNi2Al3? 300 K???????
????????????????????????????????????????
?????? e?????? p?Table 3.2???????????????????
???? 3.5-3.6 B?????????????U3+????U4+??????????
???????3.62 B, 3.58 B???????????????????U?????
?????????????????????????????Ni?????????
????????????????????????????????????????
???????????????????????Ni???????????????
??????
Table 3.2: ????????????????????????????? e ????
?? p
U(Pd1 xNix)2Al3 e [B] p [K]
UPd2Al3(x=0) 3.63 -43.4
x=0.30 3.54 -47.6
x=0.50 3.56 -55.0
x=0.75 3.62 -92.3
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Fig. 3.30: ???U(Pd1 xNix)2Al3?B k [1120]???????????????????
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3.3.3 ???????
U(Pd1 xNix)2Al3?Ni=0.10, 0.30, 0.50, 0.75???????????????Fig. 3.31
????Geibel??????????????UPd2Al3??????????????
????????????????????????????????????????
??????? TN??????????????????????x =0.10? TN =14.8
K?x =0.30? TN =15.8 K?x =0.50? TN =15.9 K?x =0.75?? TN =13.3 K????
??????????????????? 1 K?????????Ni????????
???x =0.50?????????????????????????????????
??C=T ? TN??????????? T > TN?????????????????
????Ni????? Fig. 3.32????C=T ? x =0.1?????????????
Ni???????????????ThPd2Al3???????????????????
???????????????????????????????????????
???????????C=T ??????????????????????????
????????????????????????????????? x =0.1???
??????? TN?Ni?????????????????????????????
???????? 5f ?????????????Ni????????????????
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Fig. 3.31: U(Pd1 xNix)2Al3? x =0.10, 0.30, 0.50, 0.75???????????????
UPd2Al3?????????? 57)????
3. ??????? 80
Fig. 3.32: U(Pd1 xNix)2Al3 ???????????? C=T ? Ni ??????
UPd2Al3
57)?UNi2Al366)???????
3. ??????? 81
3.3.4 ????
U(Pd1 xNix)2Al3???????????? Tmax???????????? TN?Ni
?????? Fig. 3.29????????????? Tmax? x???????????
????????UPd2Al3???????????????????????????
?T = 100 K????? (T = 20 K)? 5f???????????????T = 100 K??
?? 5f ??????? Fermi???????????????????????T = 20
K?? Fermi?????????????????????????????????
?? 71)???????U(Pd1 xNix)2Al3???? Ni????c-f ??????????
?????????????????????????????????Ni?????
x =0.50?????????????????????????c-f ?????????
????????????RKKY???????????????????
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Fig. 3.33: (a)U(Pd1 xNix)2Al3???????????????? TN????????
? Tmax?UPd2Al3?UNi2Al3???????? TN??? 57,66)????
??????????RKKY????????Doniach?? 4,119)[Fig. 3.34]????
???????????? TK?RKKY????????? TRKKY????? c-f ??
(Jc f )?????????????Jc f ???????????TK? TRKKY?????
? c-f ?????????????????????????????????????
????????????????????????UPd2Al3????RKKY????
????????????????Ni????? Jc f ???????????????
???????????????????????????Ni????????????
?????????????????????????UNi2Al3(x=1.0)???????
??????????????UPd2Al3???UNi2Al3???? TRKKY > TK????
????????????????????????????????????????
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??????????????????????????? Sato??????????
??U???? 5f ??? 2?? 118)??????????????Sato???UPd2Al3
?????U???? 3?? 5f ??????????????????????? 2?
? 5f ??????????????????????????? 1?? 5f ?????
??????????????Ni?????????????? 2?? 5f ??????
???????????
UPd2Al3 UNi2Al3
Ni???
Fig. 3.34: Doniach?? 4,119)?U(Pd1 xNix)2Al3??????????????????
????????
??????????????????Figure 3.35(a)??????????????
? Tmax?Ni?????????????UNi2Al3??????Pd????? Tmax?
????????????????? x = 0:75?? Tmax  67 K??????UNi2Al3
??????????Bm? Tmax??Bm=Tmax  0:71??Bm  47 T???????
????? 80 T?????????????????????????UNi2Al3???
???????????????????????????Tmax? TN?Ni?????
??????????????? Fig. 3.35??????UPd2Al3??????????
????????????????????????????????????????
???????????? U(Pd1 xNix)2Al3???????????????????
???????????
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Fig. 3.35: (a)????????????U(Pd1 xNix)2Al3??????????????
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3.3.5 U(Pd1 xNix)2Al3?????
????U(Pd1 xNix)2Al3? x =0.30, 0.50, 0.75? T  4.2 K, B k[1120]??????
?????????Fig. 3.36????????? (M)??? (B)??????????
? (dM/dB)????????????????????????UPd2Al3?UNi2Al3?
??????????????????U(Pd1 xNix)2Al3??????????????
?????????????? x =0.30????Bm=22 T?x =0.50????Bm=28 T?
x =0.75???? Bm=41 T? Ni??????????????????UPd2Al3??
??????????????? Ni???????????????????????
?????????????x = 0:30? x = 0:75?????????????????
????????????????x = 0:50???????????????????
???????????????????????x = 0:30? x = 0:75???????
????????????????????????????????????????
????????????????????????????????U(Pd1 xNix)2Al3
?????????????
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Fig. 3.36: U(Pd1 xNix)2Al3?B k[1120]????????????????? (dM/dB)
??????????????UPd2Al3??????????????????????
??? 0.2??????????
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3.3.6 U(Pd1 xNix)2Al3?????????Ni????
??????????????????????????????????Fig. 3.37?
????????TN?????????Tmax??????????Bm?Ni?????
????????????????Ni????????????????????????
??x = 0:5????????TN??????????????????U(Pd1 xNix)2Al3
???????????????????????????????????????
??????????U(Pd1 xNix)2Al3??????????????????UPd2Al3
??????????????Ni?????UNi2Al3???????????????
???????????????????????????????????????
????????????? x = 0:75??????????????? 13 K?????
????????????????????????????????????????
????????????????????????????????????????
x = 0:50? x = 0:30??????????????????????????????
???????????????????????????????????????
??????????UNi2Al3??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???Tmax?Bm?Ni????????????????????????????
?????????????????????????????????Table 3.3??
??????????????? Bm????????? Tmax??? UPd2Al3? 0.51
?? Ni????? UNi2Al3 ? 0.71???????????????Fig. 3.38???
???????????????????????????????????????
?????????????????Ni?????????????????????
??U(Pd1 xNix)2Al3? x = 0:50? x = 0:75???????????????????
URu2Si2???????????????????U(Pd1 xNix)2Al3?????????
????????URu2Si2?????????????????????
Table 3.3: U(Pd1 xNix)2Al3??????????Bm????????? Tmax???
??????Bm=Tmax
U(Pd1 xNix)2Al3 Bm Tmax Bm=Tmax
UPd2Al3(x=0) 18 T 35 K 0.514(2)
x=0.30 22 T 38 K 0.578(9)
x=0.50 28 T 48 K 0.583(3)
x=0.75 41 T 67 K 0.611(9)
UNi2Al3(x=1.0) 75 T 105 K 0.714(2)
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Fig. 3.37: ???????? TN????????? Tmax????????????Bm
?Ni?????
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4 ????????
??????????????????????????????
4.1 CePdAl
4.1.1 ???????
???????????? 50 T???????????????????? 1.6 B?
????????????????Bm1????????? 1=3??????????
?????????????????????????? Ising???????????
???????????????????c????????????????????
????????????????????????????????????? 2/3?
???????????????????????????????????????
? 1/3?Ce???????????????????????????????????
???????????????????????????????????????
???????????????????NMR??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????? 1 K?????????????????????????
? 1.3 K???????????????
4.1.2 ???????
???????????????????????????????????????
???????????????????????????????? (Phase I)???
???????????????????0.3 Rln2???????????????
??????????????????????????????? 1/3?Ce????
????????? 1/3Rln2???????????????????????????
NMR?????????????????????????????????Bm1??
????????? 1/3?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????? II, III?????????????? ????????Bm1?
?????????????????0.72 JK 2mol 1?????????? ???
????????????????????????????????????????
???????????????????????????????A???????
???????????14 
cmK 2???????????A????????? 
?Kadowaki-Woods??????????????????????????????
???????????????????????????? ?A????????
??????????????????? 3-4 T??????????????????
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4.1.3 ?????
??????????? Ising?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????
4.2 U(Pd,Ni)2Al3
4.2.1 UNi2Al3????????
????????? 75 T?????????UNi2Al3???? [1120]???????
????????????B =70 T????????????????????????
??????????????75 T????????????????????????
???UPd2Al3?????????????????????????????????
?????????????????80 T???????????????UNi2Al3??
UPd2Al3?????????????????????UPd2Al3???????????
????????????????????????????????????????
?????????????????????????????????????UNi2Al3
???????????? T???????????????????????????
???????? Bm????????? Tmax?? Bm/Tmax 0.71??CeRu2Si2?
? 0.78????????? CeRu2Si2??????????????????????
???????????????????????????CeRu2Si2????????
? Fermi??????4f ?????????????????????UNi2Al3???
?????? 5f ???????????? Fermi?????????????????
??????UNi2Al3??????????????????????????????
????????????????????????????????????????
??????
4.2.2 U(Pd,Ni)2Al3??????????????????
UNi2Al3????????????????? (Tmax 35 K)????? (Bm  18 T)
??? UPd2Al3 ????????? U(Pd1 xNix)2Al3 ???????????????
UPd2Al3?Ni????????????????Tmax?UPd2Al3? 35 K??UNi2Al3
? 105 K???????????????????????????? 5f ??????
??????????????????????Ni??? 5f ????????? (c-f)
?????????????????????????????Ni??? c-f?????
???????RKKY?????????????????? TN? x = 0:5?????
????????????????Doniach?????????????????RKKY
??????????????????????????????????UNi2Al3?Ni
? Pd?????? Tmax???????????????????? UNi2Al3? Ni?
Pd? 25%(x =0.75)??????Tmax  67 K??????????U(Pd1 xNix)2Al3?
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??????????Ni????????????????????????????
??????????????????80 T????????????????UNi2Al3
?????????????????????UNi2Al3????????UPd2Al3??
???????? Tmax? TN??Ni???????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????
4.2.3 ?????
UNi2Al3??????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????75
T???????????????????????????????????????
??????????100 T???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????U??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????U(Pd1 xNix)2Al3
??????????????????????????UNi2Al3, UPd2Al3?????
?????????????UPd2Al3??????????????????????
????????????????????????????????????????
???U???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????UPd2Al3??????????????
??????????????UNi2Al3??????????????????????
??????
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